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(57) ABSTRACT

A method for operating a plurality of radar sensors (2,
2a-2h) 1 a motor vehicle (1, 1'), wherein at least one
operational parameter of the radar sensors (2, 2a-2/) can be
changed, wherein driving situation data describing a current
driving situation of the motor vehicle (1, 1') are analyzed 1n
order to determine a requirements profile for the sensor data
of the radar sensors (2, 2a-2/) and wherein the operational
parameters of the radar sensors (2, 2a-2/) are adapted to the
requirements profile taking into consideration at least the
detection properties of all radar sensors (2, 2a-24).
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METHOD FOR OPERATING A
MULTIPLICITY OF RADAR SENSORS IN A
MOTOR VEHICLE AND MOTOR VEHICLE

The invention relates to a method for operating a plurality
of radar sensors 1in a motor vehicle, wherein at least one
operational parameter of the radar sensors can be changed,
and to a motor vehicle.

The use of radar sensors in motor vehicles 1s already
largely known 1n the prior art. Nowadays, radar sensors are
often used as environmental sensors for a medium to large
distance range 1n order to be able to determine the distance,
angle, and relative velocity of other tratlic participants or
larger objects. Such radar data can be included in environ-
mental models or made available directly to vehicle systems.
In the known prior art, longitudinal guidance systems, such
as ACC, or even safety systems benefit from radar data.

The radar sensors of the traditional type often have larger
dimensions and are rather massive, since the antennae and
the electronic components required directly on the antenna,
1.¢. the radar front-end, are integrated into a housing. In this
case, the electronic components mainly constitute the radar
transceiver, which includes a frequency control system
(usually comprising a phase lock loop—PLL), mixer units,
a low noise amplifier (LNA), and the like; often times,
however, control modules and digital signal processing
components are also implemented close to the antenna 1n
order to, for example, be able to provide already processed
sensor data, such as object lists, to a connected bus, such as
a CAN bus.

The implementation of radar components on the basis of
semiconductors proved to be diflicult for a long time, since
expensive special semiconductors, in particular GaAs, were
required. Smaller radar sensors were proposed, the entire
radar front-end of which 1s implemented on a single chip
using S1Ge technology, before solutions in CMOS technol-
ogy also became known. Such solutions are the result of the
expansion of the CMOS technology to high-frequency appli-
cations, which 1s also often referred to as RF-CMOS. Such
a CMOS radar chip 1s implemented 1n an extremely compact
design, does not use any expensive special semiconductors
and thus offers first and foremost significant advantages 1n
manufacturing compared to other semiconductor technolo-
gies. An exemplary implementation of a 77 GHz radar
transceiver as a CMOS chip 1s described in the article by Jri
Lee et Al., “A Fully Integrated 77-GHz FMCW Radar
Transceiver 1 65-nm CMOS Technology,” IEEE Journal of
Solid State Circuits 45 (2010), pg. 2746-2753.

Since 1t was additionally suggested to implement the chip
and the antenna in a common package, an extremely cost-
cllective, small radar sensor 1s possible, which can satisty
installation space requirements significantly better, has a
very low signal-to-noise ratio due to the short signal paths
and 1s also suitable for high frequencies and wider, variable
frequency bandwidths. For this reason, such compact-design
radar sensors can also be used for short-range applications,
such as 1n the range of 30 cm to 10 m.

It has also already been suggested to provide such a
CMOS transceiver chip and/or a package with CMOS
transceiver chip and antenna on a common circuit board
with a digital signal processor (DSP processor) or to inte-
grate the function of the signal processor into the CMOS
transceiver chip as well. A similar integration 1s possible for
control functions.

In today’s motor vehicles, radar sensors are usually oper-
ated as “‘stand-alone” sensors, 1.e. each radar sensor decides
on 1ts own at what operational parameters 1t 1s to function,
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and delivers radar data, wherein radar sensors have also
already been suggested, 1n which signal and function algo-
rithms are implemented. In this case, the radar sensors
themselves also constitute the control devices and can thus
directly control various actuators, for example, and/or pro-
vide outputs via a human-machine interface of the motor
vehicle, for example. In this context, the monitoring area to
be detected 1s defined by the implemented or addressed
function. This means that the radar sensors are hard-coded
for a specific function, which can, for example, be assigned
to a vehicle system. This limits the use of the radar sensors
for additional functions; moreover, the radar sensors are
always active, which results 1n a high energy consumption.

The invention 1s therefore based on the task of improving,
the operation of radar sensors in motor vehicles with regard
to efliciency and availability for diflerent functions of
vehicle systems.

In order to solve this task, the invention provides 1n a
method of the aforementioned type that driving situation
data describing a current driving situation of the motor
vehicle are analyzed in order to determine a requirements
profile for the sensor data of the radar sensors and that the
operational parameters of the radar sensors are adapted to
the requirements profile taking into consideration at least the
detection properties of all radar sensors.

The invention consequently proposes a centralized con-
trol of the radar sensors, which determines from driving
situation data regarding the current driving situation, which
properties the sensor data currently required of the radar
sensors should have 1n order to be processed as beneficially
as possible by at least one function of the vehicle systems of
the motor vehicle, preferably several functions of the vehicle
systems of the motor vehicle. This 1s defined by a require-
ments profile for the sensor data. Such a requirements profile
can, for example, include from which interesting surround-
ing areas sensor data are required, how often/quickly these
sensor data are required, and 1n what quality the sensor data
are required. After the device executing the method accord-
ing to the invention knows where the radar sensors are
arranged and what properties the radar sensors have, it 1s
possible, 1n knowledge of the detection properties of the
radar sensors, to map this requirements profile onto opera-
tional parameters of the radar sensors that satisty the
requirements profile as well as possible. Consequently, the
capacity of all radar sensors 1s taken 1nto consideration in 1ts
entirety in order to thus be able to satisiy the requirements
profile as precisely as possible and to 1n the process achieve
improvements with regard to energy consumption, bus uti-
lizations, and/or computing resource needs, since it can be
decided, for example, which radar sensors are currently not
required and which radar sensors are required. I a suitable
architecture of the radar sensors themselves 1s selected or 1f
the radar sensors are even connected to a central unit, many
applications, 1n particular functions of vehicle systems, can
benefit from the performance of this configuration optimi-
zation. Additional information regarding the driving situa-
tion 1s therefore used in order to determine an operation of
the entirety of the radar sensor as eflicient as possible,
wherein the interaction, addition, and the like of the detec-
tion properties of all radar sensors are taken into consider-
ation.

The requirements profile can, for example, be described
by requirements parameters, which preferably specity for
various surrounding areas of the surroundings of the motor
vehicle, with what priority data are required from them (or
i data are required at all from them), what the desired
accuracy of the sensor data from the surrounding area 1s, and
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how quickly and/or with what frequency the data should
ideally be obtained. I it arises from the driving situation
data, for example, that a turning process 1s currently taking
place, only sensor data from the direction toward which the
motor vehicle turns are ultimately relevant, 1.e., for example,
the radar sensors pointing toward the left in case of a
turning-left process. The other radar sensors can, for
example, be deactivated. If a potential collision partner that
1s to be measured more accurately has already been 1denti-
fied, a critical surrounding area can, for example, be defined,
which includes the potential collision partner and from
which very precise radar data can be obtained very quickly.
For this purpose, data acquisition rates or accuracies of other
radar sensors can be reduced, for example, 1n order to
nonetheless allow for a quick transport and a quick analysis
ol these sensor data from the critical surrounding area. Thus,
the analysis of the requirements profile as well as 1deally
additional efliciency criteria result in operating strategies
that are excellently coordinated between the radar sensors.

In doing so, radar sensors that comprise a semiconductor
chip implementing the radar transceiver, in particular a
CMOS chip, can be advantageously used. These new radar
sensors described above and implemented in particular with
CMOS technology do not only offer the advantage to be able
to be implemented with an extremely compact design and
thus to be installed 1n doors, bumpers, and the like, but 1t 1s
then also possible, in particular 1t a digital signal processing,
component and/or a control unit of the radar sensor are also
implemented by the semiconductor chip, to provide part of
the intelligence 1n these radar sensors and to in particular
allow for a quick and eflicient change of the operational
parameters 1 the radar sensor. It 1s thus, for example,
concelvable to implement the radar sensors such that they
can be switched between different frequency bandwidths,
data acquisition rates, and the like. A particularly compact,
highly integrated design results if the semiconductor chip
and an antenna arrangement of the radar sensor are 1mple-
mented as a package. The radar sensor can then, for
example, be constituted 1n an extremely compact design by
the package arranged on a circuit board.

Generally speaking, an activation and/or deactivation of a
radar sensor can be triggered by the operational parameters
and/or a data acquisition rate and/or at least one operational
parameter describing the detection area and/or one opera-
tional parameter describing the distance separation capabil-
ity and/or one operational parameter describing the prelimi-
nary evaluation to be carried out by the radar sensors can be
used as operational parameters. It 1s thus concervable on the
one hand to temporarily switch a radar sensor on or ofl by
means ol an appropriate operational parameter, but it 1s also
possible to use operational parameters that change the
current detection properties as operational parameters 1n
general. The detection properties of the radar sensors taken
into consideration in the implementation of the requirements
profile are thus to be understood such that the basic setting,
options of the radar sensors and their eflects on the current
detection properties are included therein. The general detec-
tion properties of the radar sensors thus specily with respect
to the operational parameters the basic possibilities for
adjusting to a specific operating state with certain current
detection properties but also include the arrangement of the
radar sensor and allow a conclusion 1n this respect about the
detected part of the surroundings of the motor vehicle.

A specific advantageous embodiment of the present
invention provides that for an interesting surrounding area
described by the requirements profile, only the radar sensors
detecting the interesting surrounding area or the radar sen-
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sors detecting the interesting surrounding area with more
frequent and/or more precise sensor data than the other radar
sensors delivering operational parameters are operated. As
already described, it 1s furthermore conceivable that for a
critical surrounding area described by the requirements
profile, at least two radar sensors are operated for the
redundant detection of at least a part of the critical surround-
ing area in particular as a subarea of the interesting sur-
rounding area. This 1s to be explained 1n more detail using
some specific examples.

If 1t 1s determined, for example, that a right turn 1s
performed, only the radar sensors for the relevant surround-
ing areas on the right side are activated. The sensors on the
left side are not relevant for this dniving maneuver, 1.e. for
the right turn. This means that they can be turned off or
operated at a reduced cost so that an eflicient utilization of
all of the radar sensors, in particular with respect to the bus
bandwidth, computing resources, energy/operating current,
perfonnance with regard to dynamlc/ accuracy/redundancy,
etc. 1s realized with such a deliberate turning on and off or
reduction of the requirements. If, for examples, objects 1n an
interesting surrounding area are to be separated precisely
from one another, it 1s possible to operate at least one radar
sensor with a higher frequency bandwidth, such as 3 GHz,
while the remaining radar sensors are operated with a lower
bandwidth, such as 100 MHz. It 1s also possible to operate
some radar sensors with a higher cycle time (lower data
acquisition rate) and others with a lower cycle time (higher
data acquisition rate).

The detection quality can, for example, be increased by
reducing ambiguities 11 several adjacent radar sensors, the
detection areas of which overlap in overlapping areas, can
detect certain objects redundantly. If the object 1s 1included
in the sensor data of all of these radar sensors, the sensor
data regarding this object can statistically be merged appro-
priately.

As already mentioned, 1t 1s generally particularly advan-
tageous 1f at least one efliciency criterion minimizing the
energy consumption and/or the amount of data to be trans-
ported and/or the required computing resources 1s also taken
into consideration in the adjustment of the operational
parameters of the radar sensors. This means that the radar
system constituted by the radar sensors i1s operated as
economically as possible with respect to the energy con-
sumption, used bus bandwidth, computing resources, and
the like, wherein requirements profiles, such as with regard
to potential collision eflects or other possibly risky driving
maneuvers, 1n principle naturally outweigh these efliciency
criteria. Ultimately, the problem analyzed in the operating
method according to the invention 1s thus how the require-
ments profile can be achieved with otherwise as high an
elliciency as possible. In this context, 1t can, for example, be
provided that one of the radar sensors 1s turned off and/or its
detection area 1s adjusted to mimimize redundancy for a
non-critical portion of an interesting surrounding area,
included in the requirements profile, of redundantly detect-
ing radar sensors. It 1s therefore also absolutely possible to
turn off radar sensors that deliver the same measurements of
the 1dentical object, if an increase 1 detection quality 1s not
desired. In this way, energy and computing resources can be
saved and the amount of data in the bus system can be
reduced. This of course also apphes to radar sensors that are
not relevant for the current traflic scenario.

It can be provided particularly advantageously that radar
sensors detecting the surroundings of the motor vehicle 1n a
360° angle range in their detection areas are used. Thus,
several radar sensors can be used in the motor vehicle such
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that a 360° monitoring of the entire surroundings of the
motor vehicle 1s made possible, whereby a more precise
mapping of the entire surroundings (statically and dynami-
cally) can also moreover be achieved. By selecting a suitable
architecture or connection of the radar sensors to the unit
performing the method according to the mvention, a radar
system can be created overall that can be adjusted 1n 1ts
operating mode dynamically to the current driving situation
and the information actually required from functions of the
vehicle systems, wherein an eflicient operation 1s also pos-
sible. Such an arrangement of radar sensors can, for
example, be achieved with eight radar sensors 1f radar
sensors respectively arranged in the corner areas of the
motor vehicle and between the corners of the motor vehicle
are used. In doing so, the radar sensors provided at the
corners ol the motor vehicle can, for example, be aligned at
a 45° angle to the longitudinal direction of the motor vehicle
and the radar sensors arranged between the corners can
respectively be aligned orthogonally to the side on which
they are arranged.

In order to implement the method according to the inven-
tion, different units can be used, which consequently under-
take the analysis and the determination of the operational
parameters as well as the control of the radar sensors
according to the operational parameters. In this respect, a
first alternative embodiment of the present invention pro-
vides that the analysis of the driving situation and the control
of the radar sensors 1s carried out by a central control device
of the motor vehicle, which central control device 1s in
particular assigned to at least two vehicle systems. Such
central control devices are, for example, known by the
keyword “central driver assistance system™ (zentrales Fahre-
rassistenzsystem, zFAS). The 1dea 1s that all functions to be
performed by driver assistance systems are implemented in
one single control device, which also receives the sensor
data of all connected sensors, hence also of the radar sensors.
In this context, it 1s particularly advantageous if the control
device also determines and updates an environmental model
of the motor vehicle, since the driving situation data then can
also include data of the environmental model, which 1s
available 1n the control device anyway. Furthermore, such a
central control device often times receives additional driving
situation data describing the current operating state and the
driving situation anyway so that the determination of the
requirements profile and of the operational parameters can
be implemented as an additional function in a particularly
casy manner when all required input data are available. In
this respect, various connection architectures of the radar
sensors with the central control device are conceirvable, a
separate connection for each radar sensor for example (star
architecture) or even the use of rings or chains, along which
the radar sensors are connected. In addition to the general
driving situation data, 1t 1s also possible in such a central
control device to ultimately retrieve from the functions
directly which sensor data they require from the radar
sensors 1n order to be able to include this 1n the requirements
profile. In the process, diflerent functions can be weighted,
by prioritizing, for example.

An alternative second embodiment of the present inven-
tion can provide that the analysis of the driving situation and
the control of the radar sensors 1s carried out by a computing,
unit of at least one of the radar sensors. Since modern radar
sensors themselves have a certain intelligence, such as 1n the
case of the described radar sensors implemented with semi-
conductor technology, which implement a control unit and/
or digital signal processing components by means of the
semiconductor chip, the function described by the method
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according to the invention for determining the requirements
proflle and the operational parameters can thus also be
implemented without any difliculty within a radar sensor.
The radar sensor, the computing unit of which undertakes
this central coordination, ultimately has a master role, while
the rest of the radar sensors can be considered slaves. The
master radar sensor utilizes appropriate algorithms, which
can, for example, be part of a decision module, 1n order to
analyze the driving situation data for the requirements
profile and to derive suitable operational parameters there-
from. It 1s otherwise also conceivable for such a master radar
sensor to be functioning as a distribution point for the sensor
data of the radar sensors, to thus, for example, initially
accept all sensor data of all radar sensors and to pass them
on or to even itsell implement functions of at least one
vehicle system that analyzes the sensor data.

It 1s particularly advantageous in this context 1f the radar
sensor, the computing unit of which 1s used, 1s selected
dynamically, 1 particular in dependence of the driving
situation data and/or the operational parameters. Each radar
sensor can thus basically be configured as master or slave,
even during driving operation, depending, for example, on
the current tratlic scenario, 1.e. the current driving situation.
A particularly eflicient utilization (distribution of intelli-
gence) of the configuration with several radar sensors is
thereby implemented. For the selection of the radar sensor to
be currently used as master, data transmaission paths from the
other radar sensors delivering the most relevant sensor data,
and the like can, for example, be taken 1into consideration.

As already mentioned, the most varied input data describ-
ing the driving situation can be used as driving situation
data. In this way, 1t can 1n particular be provided that ego
data describing the operating state of the motor vehicle
and/or at least a predictive operating state of the motor
vehicle and/or environmental data describing the surround-
ings ol the motor vehicle and/or requirements data describ-
ing specific requirements of at least one vehicle system are
used as driving situation data. From this information, an
overall picture of the driving situation results, from which
the requirements profile can be dertved as requirements
parameters, for example. IT requirements data of vehicle
systems or even individual functions of vehicle systems are
used, a prioritization can be provided within the vehicle
systems and/or the functions so that safety-related vehicle
systems are prioritized higher, for example, than comiort-
related vehicle systems and the like.

In addition to the method, the invention also relates to a
motor vehicle with several radar sensors, wherein at least
one computing umt of a radar sensor and/or a control device
of the motor vehicle 1s designed to perform the method
according to the invention. All statements related to the
method according to the invention can be analogously
transierred to the motor vehicle according to the invention,
with which the atorementioned advantages can likewise be
attained. In this respect, the control device 1s preferably a
central control device that implements the functions of
several vehicle systems and possibly also determines and
keeps current an environmental model of the motor vehicle.

Preferably, the radar sensors can comprise a semiconduc-
tor chip implementing the radar transceiver, i particular a
CMOS chip. It 1s particularly advantageous 1n this context 1f
a digital signal processing component and/or a control unit
of the radar sensor are also implemented by the semicon-
ductor chip and/or 1f the semiconductor chip and an antenna
arrangement of the radar sensor are implemented as a
package. As already mentioned, such radar sensors can be
implemented 1 an extremely compact design and can be
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manufactured cost-eflectively, 1n particular by using CMOS
technology, and are thus available. In this way, even large
numbers of radar sensors can be integrated into various
components of the motor vehicle in a manner saving instal-
lation space and i1deally mvisibly from the outside, such as 5
in a vehicle door and/or a bumper. In particular with the
integration of digital signal processing components and/or
control units in the semiconductor chip, a corresponding
intelligence for performing functions, 1n particular also the
method according to the invention, 1s also provided by the 10
radar sensors so that it can be provided that the digital signal
processing component and/or the control unit of the radar
sensor are used as computing unit for performing the method
according to the mvention.

Additional advantages and individual details of the pres- 15
ent mmvention result from the exemplary embodiments
described 1 the following as well as the drawing. The
following 1s shown:

FIG. 1 a motor vehicle according to the invention 1n a first
embodiment, 20
FIG. 2 the detection areas of the radar sensors of the motor

vehicle according to the invention,

FIG. 3 a flow chart of the method according to the
invention,

FIG. 4 a sketch of the design of a radar sensor, and 25

FIG. 5 a motor vehicle according to the invention in a
second embodiment.

FIG. 1 shows a schematic diagram of a first embodiment
of a motor vehicle 1 according to the invention. In order to
allow for a 360° monitoring of the surroundings of the motor 30
vehicle 1, said motor vehicle 1n this case comprises eight
radar sensors 2a-2/, wherein four radar sensors 2a, 2c¢, 2e,
2¢ are arranged on the corners of the motor vehicle 1, the
rest of the radar sensors 2b, 2d, 2/, and 2/ are respectively
arranged on the sides 1n the center between the corner radar 35
sensors 2a, 2c¢, 2e, and 2g. The associated largest possible
detection areas of the radar sensors 2a-2/ are illustrated 1n
FIG. 2 and marked with reference symbols 3a-3/4. Obvi-
ously, a 360° angle range 1s detected. The radar sensors 2a,
2¢, 2d, 2e, 2g, and 2/ can 1n this case be arranged 1n the 40
bumpers of the motor vehicle 1, the radar sensors 26 and 2f
in the doors. Different operational parameters of the radar
sensors 2a-2/ can be adjusted, 1n particular the operational
parameters defining the current detection properties, such as
opening angle, bandwidth, data acquisition rate, and the like. 45

In order to control the operation of the radar sensors
2a-2h, a central control device 4 1s provided, which 1is
designed to perform the method according to the mnvention.

In this case, the radar sensors 2a-2/ are connected to the
control device 4 via a chain of four each, wherein other 350
connection architectures are however also conceivable. In
this case the central control device 4 performs various
functions of several driver assistance systems, in particular

of all driver assistance systems, and determines and updates

an environmental model of the motor vehicle 1, which 1s 55
taken into consideration by the various functions, from
sensor data of the radar sensors 2a-2/2 as well as of addi-
tional sensors of the motor vehicle 1, which are not shown

in detail here. Furthermore, ego data of the motor vehicle are
made available to the central control device 4 via additional 60
vehicle systems not shown in detail here, which ego data can
describe the current operating state of the motor vehicle 1 as
well as possibly predicated future operating states. It 1s thus
possible within the control device 4 to create a good 1mage

of the current driving situation of the motor vehicle 1 by 65
means ol the available driving situation data as well as
possibly additional data of the functions.
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This 1mage 1s used within the scope of the method
according to the invention, the flow chart of said method
being illustrated 1n more detail i FIG. 3.

In the process, a requirements profile for the sensor data
of the radar sensors 2a-2/ 1s determined 1n a step S1 from
current driving situation data describing the driving situation
of the motor vehicle 1. In doing so, environmental data
describing the surroundings of the motor vehicle, such as the
environmental model described, and ego data of the motor
vehicle 1, such as 1ts velocity, steer angle, and the like, are,
for example, taken into consideration as driving situation
data. It 1s advantageous to additionally also take into con-
sideration requirements data of the functions that use the
sensor data of the radar sensors 2a-2/, wherein the functions
or the respective vehicle systems can be prioritized with
respect to one another.

By processing all of these data, a requirements profile,
which can, for example, be described by requirements
parameters, results 1n step S1. Such a requirements profile
can mitially specily, from which interesting surrounding
area of the surroundings of the motor vehicle 1 sensor data
are actually to be obtained. Now, this mteresting surround-
ing areca can yet be divided into parts, which are assigned, for
example, priorities and/or attributes. If a potential collision
object was, for example, detected 1n a critical surrounding
area as a subarea of the interesting surrounding are, ci. for
example object S 1n FIG. 2, this critical surrounding area can
be given a high priority and/or particularly precise sensor
data can be requested particularly fast from this area. Other
interesting and/or even critical surrounding areas results, for
example, from the current driving direction of the motor
vehicle 1. If said motor vehicle drives backward, for
example, the surrounding area located behind the motor
vehicle 1 1s the interesting surrounding area; if a turming
process to the right 1s taking place, the surrounding area
located to the right of the motor vehicle 1 1s the interesting
surrounding area, and the like. The conclusion can thus
obviously be drawn from the driving situation, from where
in what frequency, speed, and quality, sensor data of the
radar sensors 2a-2/4 are required, which 1s described by the
requirements profile.

From this requirements profile, taking into consideration
elliciency criteria 6, operational parameters, with which this
requirements profile can be implemented (in the best way
possible), can now be determined 1 a step S2. These
operational parameters can also include an operational
parameter that controls an activation and a deactivation of
the respective radar sensor 2a-2/4. Efliciency critenia 6 relate
in particular to the energy consumption, to the limitation of
the data traflic on the bus systems of the motor vehicle 1 as
well as to a utilization of the computing resources as low as
possible. If, for example, a turning-right process 1s taking
place, basically no or only a few data of the radar sensors 2e,
2/, and 2¢g oriented toward the left are required so that they
can, for example, be deactivated, which saves energy and
data trailic as well as computing resources. The sensors 2/
and 2d, which are oriented toward the front and toward the
rear respectively, deliver data that could be relevant but are
not as relevant as the sensor data delivered by the sensors 2a
and 2b, for example, so that the detection areas of the
sensors 2a and 26 can ideally be adjusted such that they
reflect the most mmportant surrounding areca and that a
particularly high data acquisition rate with high precision 1s
given, while the sensors 24 and 2d can be operated at
below-average data acquisition rates and rather lower qual-
ity requirements, while the sensor 2¢ can continue to be
operated with average operational parameters.
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If the requirements profile shows 1n another example that
precise data of the potential collision object 5 (ci. FIG. 2) are
required, the detection areas of the sensors 3a, 35, and 3/
(FIG. 2 shows the maximum detection areas possible) can be
adjusted such that all three radar sensors 3a, 3b, and 3/
detect the object 5 so that a redundant detection 1s given and
more accurate information about the object 5 can be
obtained. The case that no critical driving situation 1s present
and that objects are therefore only to be detected once as a
result of the efliciency criteria 6 1s however also conceiv-
able. The current, actually used detection areas of the
sensors 3a, 3b, and 3/ can 1n such a case be adjusted such
that only one of these radar sensors 3a, 35, and 3/, such as
the radar sensor 3a, actually measures the object 3.

As these specific examples show, a variety of driving
situations can be mapped to appropriate requirements pro-
files, from which 1n turn an optimally suitable set of opera-
tional parameters results for the radar sensors 2a-2/, which
satisty this requirements profile as efliciently as possible by,
for example, turning ofl/activating some sensors, operating
them with higher or lower resource requirements, and the
like.

Finally, the radar sensors 2a-2/ are controlled 1n a step S3
according to the operational parameters determined 1n step
S2. As the dashed arrow 7 1in FIG. 3 indicates, the method
1s naturally repeated cyclically so that the current driving
situation 1s always mapped by appropriate operational
parameter sets, wherein the radar systems constituted by the
radar sensors 2a-2/ are respectively taken 1into consideration
as a whole 1n order to satisly requirements profiles opti-
mally.

FIG. 4 shows a particularly advantageously usable radar
sensor 2 1n more detail. This radar sensor comprises a circuit
board 8, on which a package 9 1s arranged that consists of
the antenna arrangement 10 of the radar sensor 2 and a
semiconductor chip 11, in this case a CMOS chip. The
CMOS chip 11 implements a radar transceiver 12, a control
unit 13, and a digital signal processing component 14 (DSP).
The radar sensor 2 can be implemented 1n an extremely
compact design and can thus be installed 1n doors and
bumpers of the motor vehicle 1 1n a manner saving instal-
lation space. In addition, a certain intelligence 1s already
given on the part of the radar sensor by the components
implemented by means of the semiconductor chip 11.

This 1s utilized 1n a second embodiment of a motor vehicle
1' according to the invention as can be seen in FIG. 5. In this
case, the central control device 4 1s not shown even though
it can also be provided, and the sensors 2a-2/ are connected
to one another 1n a ring-like connection structure. However,
cach of the sensors 2a-2/2 now comprises a computing unit
15, which 1s designed to perform the method according to
the invention and which 1n the present case 1s constituted by
the control unmit 13 and/or the digital signal processing
component 14. One of the sensors 2a-2/ 1s now determined
to be the master, 1n particular in dependence of the driving
situation, and 1ts computing unit 15 performs the method
according to the invention until another sensor 2q-27 1s
determined to be the master. The other sensors 2a-2/, which
are not the master, ultimately function as slaves. In this way,
the distributed intelligence, which 1s provided in the radar
sensors 2a-2/2, can be used particularly advantageously.

The invention claimed 1s:

1. A method, comprising:

operating radar sensors 1n a motor vehicle, wherein the

radar sensors detect surroundings of the motor vehicle
in a 360° angle range using their detection properties,
the radar sensors having operational parameters,
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wherein at least one of the operational parameters of
the radar sensors can be changed;
analyzing, by a computing unit, dniving situation data
describing a current driving situation of the motor
vehicle, wherein the current driving situation includes
a turning motion situation;
determining a requirements profile for the radar sensors
based on the driving situation data wherein the opera-
tional parameters of the radar sensors are adapted to the
requirements profile based on the detection properties
of at least one of the radar sensors; and
controlling, by the computing unit, the radar sensors
based on the adapted operational parameters.
2. The method according to claim 1, wherein the control-
ling further comprises:
activating one of the radar sensors through triggering by
at least one of the operational parameters or a data
acquisition rate or at least one operational parameter
describing a detection area or at least one operational
parameter describing a distance separation capability or
at least one operational parameter describing a prelimi-
nary evaluation to be carried out by the radar sensors.
3. The method according to claim 1, wherein the control-
ling further comprises:
operating the radar sensors to detect an interesting sur-
rounding area or the radar sensors detecting the inter-
esting surrounding area with more frequent or more
precise sensor data than other radar sensors delivering
operational parameters for the interesting surrounding
area described by the requirements profile.
4. The method according to claim 1, wherein the control-
ling further comprises:
operating at least two of the radar sensors for a redundant
detection of at least a part of a critical surrounding area,
wherein the critical surrounding area 1s a subarea of the
interesting surrounding area, the critical surrounding
area being described by the requirements profile.
5. The method according to claim 1, wherein the deter-
mining further comprises:
determiming at least one efliciency criterion that mini-
mizes energy consumption or an amount of data to be
transported or required computing resources in an
adjustment of the operational parameters of the radar
SeNsors.
6. The method according to claim 5, wherein the control-
ling further comprises:
turning oil one of the radar sensors or 1ts detection area to
minimize redundancy for a non-critical portion of an
interesting surrounding area, which 1s included in the
requirements profile, of redundantly detecting radar
SeNsors.
7. The method according to claim 1,
wherein the radar sensors include eight radar sensors, and
the eight radar sensors are respectively arranged 1n
corner areas of the motor vehicle and between the
corner areas of the motor vehicle.
8. The method according to claim 1, wherein the control-
ling further comprises:
dynamically selecting a computing unit from a plurality of
computing units associated with the radar sensors based
on dependence of the driving situation data or the
operational parameters.
9. The method according to claim 1,
wherein ego data describing an operating state of the
motor vehicle or at least a predictive operating state of
the motor vehicle or environmental data describing the
surroundings of the motor vehicle or requirements data
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describing specific requirements of at least one vehicle
system are used as driving situation data.

10. A motor vehicle with radar sensors, which detect a
surroundings of the motor vehicle 1n a 360° angle range
using their detection areas, wherein at least one computing,
unit of a radar sensor or a control device of the motor vehicle
1s designed to:

operate the radar sensors 1n the motor vehicle, wherein the

radar sensors detect the surroundings of the motor
vehicle 1n a 360° angle range using their detection areas
and at least one operational parameter of the radar
sensors can be changed;

analyze, by a computing umit, driving situation data

describing a current driving situation of the motor
vehicle wherein the current driving situation includes a
turning motion situation;

determine a requirements profile for sensor data of the

radar sensors based on the driving situation data
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wherein the operational parameters of the radar sensors
are adapted to the requirements profile taking into
consideration detection properties of at least one radar
sensor; and

control, by the computing unit, the radar sensors.
11. The motor vehicle according to claim 10,

wherein at least one of the radar sensors comprises a
semiconductor chip implementing a radar transceiver.

12. The motor vehicle according to claim 11,

wherein a digital signal processing component or a con-
trol unit of the at least one of the radar sensors are
implemented by the semiconductor chip, or the semi-
conductor chip and an antenna arrangement of the at
least one of the radar sensors are implemented as a
package.
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